Abstract
Introduction
Iron, one of the most abundant metals on Earth, is essential to most life forms and to normal human physiology. Iron is an integral part of many proteins and enzymes that maintain good health. In humans, iron is an essential component of proteins involved in oxygen transport [1, 2] . It is also essential for the regulation of cell growth and differentiation [3, 4] . A deficiency of iron limits oxygen delivery to cells, resulting in fatigue, poor work performance, and decreased immunity [1, [5] [6] . On the other hand, excess amount of iron can result in toxicity and even death [7] . Almost two-thirds of iron in the body is found in haemoglobin, the protein in red blood cells that carries oxygen to tissues. Smaller amounts of iron are found in myoglobin, a protein that helps supply oxygen to muscle, and in enzymes that assist biochemical reactions. Iron is also found in proteins that store iron for future needs and that transport iron in blood. Iron stores are regulated by intestinal iron absorption [1, 8] . With only a few possible exceptions in the bacterial world, there will be no life without iron [9] . If the iron concentration exceeds the normal level in the body, it may become a potential health hazard. There is considerable potential for iron toxicity because very little iron is excreted from the body. Thus, iron can accumulate in body tissues and organs when normal storage sites are *Corresponding author's ORCID ID: 0000-0000-0000-0000 DOI: https://doi.org/10.14741/ijmcr/v.6.6.17
full. For example, people with hemachromatosis are at risk of developing iron toxicity because of their high iron stores. Excess amounts of iron ions in the body cause liver and kidney damages. Some iron compounds are realized to be carcinogenic. Hence, the need to iron ion determination in clinical, medicinal, environmental and different industrial samples has created several methods to measure this analyte [10] [11] [12] [13] [14] [15] . Among analytical available techniques, the carrier based ion selective electrodes are well established analytical tools that can be used to measure different ions with the most important properties such as high speed and non-destructive sample analysis, portability of the device, online monitoring, cost effectiveness and large measuring range. A number of methods are available today to measure ion-ionophore formation constant. In some cases, a good correlation between selectivity coefficients and the ratio of experimental formation constants obtained in ordinary polar solvents has been Iron(III) ion selective electrode 116 observed [16] . However, most ion carriers form very weak complexes in such solvents [17] and most ionophores cannot be characterized with this approach. Therefore, a direct measurement of complex formation constants within the solvent polymeric membrane phase has been shown to yield more meaningful results [18] .
Iron(II) is a constituent of hemoglobin which is essential for the normal transportation of oxygen to the tissues. In the foods ingested during a day, approximately 10-15 mg of iron is present and studies indicate that normal subjects absorb ten per cent of iron in the food [19] . The absence of iron in the organism causes anemia, the result is of decreased red blood cell content. This deficiency is treated with iron salts via oral or intramuscular {20} ministration. 
Experimental

Apparatus
All potentiometric measurements were carried out at 25 ± 0.2 °C with an Orion digital pH/mV meter (Model SA720) using the PVC membrane sensors in Conjunction with an Orion Ag/AgCl double junction reference electrode (Model 90-02) filled with 10% (w/v) KNO3. A Combination Ross glass-pH electrode (Orion 81-02) was used for pH measurements. The cell used for EMF measurements is of the type: Ag/AgCl/ KCl (0.1 M)/sample test solution //sensor membrane //internal filling solution /AgCl/Ag. The potential readings of stirred 10 -2 M -10 -7 M working solutions were measured, recorded after stabilization to ±0.5 mV and a calibration graph was constructed.
Reagents and solutions
All chemicals were of analytical grade and all solutions were prepared with de-ionized water. High molecular weight poly (vinyl chloride) powder (PVC) of molecular mass of ~100,000, tetrahydrofuran (THF), dioctylphthalate DOP, dioctylsebacate DOS and orthonitrophenyl octylether (o-NPOE) were purchased from FlukaChemika-Biochemika (Ronkonkoma, NY). A stouk solution (10 -1 M) of potassium iodide was prepared by dissolving 1.66 g of potassium iodide in 100 ml H2O. The solution pH was adjusted with phosphate or acetate buffer to pH 4.5 Dilute solutions of (1.0 x 10 -2 -1.0 x 10 -7 M) were freshly prepared by diluting the stock solution with doubly distilled water and phosphate or acetate buffer of pH.
pH effect
The effect of pH on the response of the iron(II) electrode determined using A Ross glass-pH electrode (Orion model 81-02) used for all pH measurements and Orion digital pH/mV model(90-02) meter Ag/AgCl double junction reference electrode was used for potentiometric measurements.
The response
Stable potentials were achieved within a few seconds (less than 5 s) and the relative standard deviation of 10 identical measurements was less than 3% for a solution containing 5.0 x 10-3 mol/L iron(II). This electrode presented a useful lifetime of at least six months (more than 800 determinations/polymeric membrane) without significant loss in sensitivity. 
Sensor of Iron (II)
Sensor Construction
Iron responsive membrane sensor was prepared as described previously (28) by mixing 0.01 gm ionophore (ROFINAC D , Fig 3-1) , 0.35gm DOS plasticizer and 0.19 gm PVC .The mixture was dissolved in 0.35 ml THF in a glass Petri dish (~3 cm ,4 CM diameter), Covered with a filter paper and left to stand overnight to allow slow evaporation of the solvent at room temperature. Disks (0.7 mm diameter) were cut out from the parent membrane and mounted in the PVC electrode body (0.6 mm diameter) using THF and repeating this with DOP and ortho-nitrophenyl octylether(o-NPOE) . A mixed solution Consisting of equal volumes of 10-3 M IRON nitrate and 10-3 M KCl was used as an internal reference solution and Ag/AgCl Coated wire (3 mm diameter) was employed as an internal reference electrode. The sensor was Ccnditioned by soaking overnight in a solution of 10-2 M Iron nitrate and stored in the same solution when not in use.
Sensor calibration
The sensors were calibrated by transferring 10 ml aliquots of 10-2 M to 10-7 M aqueous iron solution to the 50 ml double walled-glass cell. The potential readings were recorded after stabilization (to 0.2 mV) and plotted as a function of logarithmic Concentration of Iron. The calibration graphs were used for subsequent determination of unknown Iron Concentration.
Analytical Applications and Instrumental megerment of sensor
Determination iron(II) in some drugsas (vitamin) formulation samples. The results are was compared with those obtained by atomic absorption and spectrosphotometric methods Which was measured in the laboratory of micro analytical at the University of Cairo and King Khalid University in Saudi Arabia
Results and Discussion
Characteristics of the Iron sensor
The most important characteristics of any ion-sensitive sensor are its response to the primary ion (Iron ions) in the presence of other ions in the solution. This is expressed in terms of the potentiometric selectivity coefficient.
In this work, the ligand (Rofinac D) used as an ionophore in the Iron ion-selective electrode should fulfil certain conditions. It should be selective for Iron ion over other metal cations, and it should have rapid exchange kinetics and be sufficiently lipophilic to prevent leaching of the ligand into the aqueous solution surrounding the membrane electrode ]29[. this ligand was expected to act as a suitable ion carrier in the PVC membrane sensors. Thus, ROFINAC D was used, in the primarily experiments, as a neutral carrier to prepare polymeric membrane electrodes for a variety of Iron ions 
Effect of plasticizer
A different plasticizers have been used in this work as DOS , DOP and (o-NPOE). with Iron membrane electrodes based on Rofinac D is represented in Fig. (3.2) . It is noteworthy that the lipophilicity of the plasticizer influences both the dielectric Constant of the polymeric membranes and the mobility of the ionophore. It is clear from Fig. (3.2) that all of them have exactly the same effect with very slight difference.
The performance characteristics of the sensor were evaluated under many different variables such as plasticizers, and the influence of pH. The results obtained are summarized in Table (3.1 ). The data show that the proposed sensor is highly selective and sensitive with respect to Fe 2+ ions, and this is appeared in the values, of the slope (which obeys Nernst equation), the lower limit of detection and the wide linear range. 
Potentiometric selectivity
The selectivity is the most important characteristic of any sensor, which defines the extent to which it may be used to selectively estimate a particular ionic species likely to be present in actual samples along with other species to be determined. The potentiometric selectivity Coefficients were experimentally determined in which the cell potential was measured for the same Concentration (ai =aj = 1.0 × 10 -3 M) of the primary ion solution and the interfering ion solution separately. The obtained cell potential for interfering ions and the analyte ions (ΔEj and ΔEi, respectively) are inserted into the following equation to calculate the selectivity Coefficient, log Ki,jpot .
Where Zi: charge of the primary ion, R: Molar gas Constant, 2.303RT The results obtained are summarized in Table ( 
Effect of pH
The pH dependence of the electrode potential is plotted over the pH range of 2-10 for 1.0×10−2 and 1.0×10−3 M Cu (II) ions solutions in Fig. (3.30) . the pH of the solutions was adjusted by the addition of small drops of HNO3 (0.1 M) and NaOH (0.1 M). It is clear from the figure that the useful range is 4-8.5 because the potential remains Constant at this range. The sharp change in potential at higher pH values may be due to the formation of some hydroxy Complexes of Fe 2+ , while at lower pH values H 3 O + ions may start to contribute to the charge transport process by the membrane, thereby causing interference. 
Response time
The optimum response time for the membrane electrode in 1.0×10−1M Cu 2+ solution was found to be after 4 times when its starts generating stable potential. The response time of the electrode was determined by measuring the time required to achieve 90% of the steady potential. The static response time thus obtained was 18-20 sec over the entire Concentration range Fig. (3.3) . 
